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Abstract 
The adsorption behavior and the inhibition performance of Eosin Y Dye for carbon steel corrosion in 1 
M perchloric acid solution have been carried using weight loss and scanning electron micrograph 
(SEM) techniques as well theoretical calculations based on density functional theory (DFT). The stud-
ied inhibitor concentrations were between 510-5 M and 510-3 M. Results obtained revealed that Eosin 
Y is an effective inhibitor and its inhibition efficiency increases with increasing concentration to attain 
96.91% at 510-3 M at 30 °C. Thermodynamic parameters such as adsorption heat, adsorption entropy 
and adsorption free energy were obtained from experimental data of the temperature studies of the in-
hibition process at five temperatures ranging from 20 to 60 °C. It was found that the adsorption of Eo-
sin Y could prevent steel from weight loss and the adsorption accorded with the Langmuir adsorption 
isotherm. The free energy of adsorption showed that the corrosion inhibition takes place by spontane-
ous physicochemical adsorption of inhibitor molecules on the carbon steel surface. SEM and DFT stud-
ies confirm the adsorption of Eosin Y on carbon steel surface. Copyright © 2020 BCREC Group. All 
rights reserved 
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1. Introduction 
Carbon steel has a large application in the 
production and/or designing of important engi-
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neering components in the form of tools or ma-
chine parts due to its inherent remarkable prop-
erties [1]. Some of these components or machine 
tools are not protected when exposed to unfavor-
able environment during services. For example, 
the surface of either bare or coated parts tends 
to disintegrate, rust, corrode, and crack, result-
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ing economic collapse in terms of environmen-
tal pollution, safety, product losses, repair, and 
replacement [2]. These negative effects can be 
minimized or eliminated using diverse tech-
niques to protect the surface of the metal from 
the aggressive environments. The employment 
of corrosion inhibitors, to keep metals and al-
loys against corrosion, has been considered to 
be the greatest practical method [3,4]. A corro-
sion inhibitor is a compound, when introduced 
or added in a little quantity to a corrosive envi-
ronment regulates the rate of metal dissolution 
by producing a preventive barrier film, which 
in turn arrests the corrosive reaction from pro-
gressing [5,6]. Organic inhibitors mostly have 
heteroatoms, triple bonds or aromatic rings and 
the atoms as O, N, and S, which are the active 
centers for the process of adsorption on the 
metal surface [7-9]. These atoms represent a 
higher basicity and electron density and thus 
act as corrosion inhibitor. The organic com-
pounds react as an effective inhibitor is due to 
its ability to be adsorbed onto the metal sur-
face. Some organic dyes have been used to con-
fer multi-colour effects to anodised metal sur-
faces and the ability of such dyes to impart 
some corrosion protective effects presents a 
supplementary benefit. Dyes have long been 
applied in the coloring, paper industries, print-
ing, plastics, leather, cosmetics, textile indus-
try, pharmaceuticals, agri-food industries and 
the medical industry [10,11]. 
Earlier studies by several researchers re-
ported that some organic dyes are quite effec-
tive in retarding the corrosion of iron and steel 
in aggressive acid environments [12-30]. Thus, 
some work were evaluated the use of Azoru-
bine, Sunset Yellow, Amaranth, Allura Red, 
Tartrazine, Fast Green, Nile Blue, Indigo Car-
mine, Red cabbage, Natural Kermes, Safranin, 
as corrosion inhibitors for mild steel in hydro-
chloric acid solutions [12-17], although, some 
dyes, as Congo red, Bismark brown, Malachite 
green and Naphthol, were also investigated for 
aluminum surface in hydrochloric acid [18-21]. 
Cresol red, Methyl violet, and Alizarin violet 
have been used as well for the corrosion inhibi-
tion of cold rolled steel in acidic solution [22-
24]. Additionally, Alizarin yellow, Bromophenol 
blue, Thiophene azo, Phtalocyanine Blue and 
Acid red GRE, have also been studied as corro-
sion inhibitors for carbon steel in acidic envi-
ronments [25-30]. 
As a continuation of the work on the use of 
organic dyes as corrosion inhibitors in acidic so-
lutions, we have probed its inhibiting action on 
the corrosion of carbon steel in 1 M HClO4. The 
effects of inhibitor concentration and tempera-
ture on the performance and extent of adsorp-
tion of Eosin Y dye are also studied. 
 
2. Materials and Methods 
2.1 Material Preparation 
Carbon steel samples used as test materials 
contain: C: 0.37%, Mn: 0.68%, Cu: 0.16%, Cr: 
0.077%, Ni: 0.059%, Si: 0.023%, S: 0.016%, Ti: 
0.011%, Co: 0.009% and the balance being Fe. 
Before proceeding to any test, the samples of 
carbon steel were mechanically abraded with 
different grades emery paper (100, 400, 600, 
800, 1000 and 1200). The weight loss measure-
ments were carried out in the test solution of 1 
M perchloric acid, which was prepared by dilu-
tion of 70-72 % HClO4 (Sigma-Aldrich) with 
double deionized water. Each sample was 
weighed by an electronic balance (± 0.0001 g) 
and then placed in the acid solution (50 mL).  
 
2.2 Weight Loss Method 
Weight loss measurements were performed 
on the carbon steel samples with a rectangular 
form in one molar perchloric acid medium with 
and without addition of different concentra-
tions of Eosin Y Dye. The duration of the im-
mersion was 2 h at the temperature range from 
293 to 333 K. After immersion, the surface of 
the specimen was cleaned by double distilled 
water followed rinsing with acetone and the 
sample was weighed again in order to calculate 
inhibition efficiency (IE%) the corrosion rate 
(CR). All measurements were done in triplicate, 
and the average value of the weight loss was 
noted. For each experiment, a freshly prepared 
solution was used, and the solution tempera-
ture was thermostatically controlled at a de-
sired value.  
The following equations were used to calcu-
late the corrosion rate (CR), the inhibition effi-
ciencies (IE%) and the surface coverage (θ) 
[31]: 
(1) 
 
 
(2) 
 
 
(3) 
 
where, ΔW  is the weight loss (g), S is the total 
area of the specimen (cm2), t is the exposure 
time (h), C’R and CR are respectively, the corro-
sion rates of carbon steel samples in the ab-
sence and presence of inhibitor (g.cm−2.h−1), re-
spectively, θ is the surface coverage. The results 
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of corrosion tests in 1 M HClO4 at 303 K for the 
corrosion of carbon steel in presence of different 
concentrations of Eosin Y and various im-
mersed time are presented in Table 1. 
 
2.3 Quantum Chemical Computation 
Geometry optimization of both inhibitor 
molecules and quantum chemical calculations 
were carried out in the Gaussian-09 program 
using DFT at B3LYP/6-31G* level of theory. In 
recent years, the DFT methods have become 
very popular because they can achieve the 
same exactitude to other methods in less time 
and they are less expensive from a computa-
tional point of view. 
The HOMO energy is related to the ioniza-
tion potential (I), whereas the LUMO energy is 
linked to the electron affinity (A), as shown be-
low [32]. 
(4) 
 
The energy gap (∆E) and the global electron-
ic chemical potential () are determined as fol-
low [33]. 
(5) 
 
(6) 
 
The electronegativity () and the global 
hardness () can be calculated as a function of I 
and A by equations 7 and 8 [34]. 
 
(7) 
 
(8) 
Global softness () demonstrates the capacity 
of an atom or group of atoms to receive elec-
trons and it is estimated by using the equation 
[35]. 
 
(9) 
 
The electrophilicity index is calculated as in 
Equation (10) [36,37]. 
 
 
(10) 
 
 
3. Results and Discussion  
3.1 Effect of Immersion Time and Concentra-
tion on Corrosion Rates and Inhibition Effi-
ciency 
The weight loss measurements were studied 
in 1 M HClO4 in the absence and presence of 
different concentration of Eosin Y of 510-5 to 
510-3 M for a period ranging from 30 min to 24 
h immersion time at temperature 303 K.       
According to Table 1, it was found that the in-
hibition efficiency of Eosin Y increased up to 
96.91% at higher concentration which is 510-3 
M at 2 hours immersion time. Therefore, it can 
be concluded that the inhibition efficiency in-
creased with increasing of immersion time due 
to the stability of the adsorbed layer on the car-
bon steel surface until 2 hours of immersion at 
different concentrations of inhibitor. The in-
creasing inhibition efficiency with increasing 
immersion time is due to the increase in the 
surface coverage with time until to two hours 
immersion then it decreases after this time. It 
was found that when the concentration of Eo-
sin Y inhibitor increases the corrosion rates de-
creases. From Table 1, it can be seen that the 
inhibition efficiencies increase with the in-
crease in Eosin Y concentration. The surface 
coverage, θ for different concentrations of in-
hibitors in 1.0 M HClO4, was calculated and it 
was found that Eosin Y proficiently covers the 
surface of carbon steel.  
 
3.2 Temperature Effect 
The temperature is an important factor in 
the metal dissolution process, the effect of tem-
perature upon the corrosion and corrosion inhi-
bition of carbon steel in perchloric acid, in the 
absence and presence of various concentrations 
of the Eosin Y inhibitor was investigated by 
weight loss measurements after immersion at 
293 to 333 K for two hours. In the Figure 1, the 
observed results show an increase in corrosion 
 
290 300 310 320 330
0.00
0.01
0.02
0.03
0.04
C
R
  
( 
g
  
h
-1
 c
m
-2
)
T (K)
 Blank
 5.0x10
-5
   M
 7.5x10
-5
   M
 1.0x10
-4
   M
 1.0x10
-3
   M 
 5.0x10
-3
   M
Figure 1. Variation of corrosion rate with the 
concentrations of Eosin Y for carbon steel at 
different temperatures. 
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Inhibitor concentration 
(M) 
Time 
(h) 
Corrosion rate 
(g.cm-2.h-1) 
IE 
(%) 
Surface coverage 
 
0 
0.5 1.0010-3 -   
1 2.0010-3 -   
2 3.6010-3 -   
3 3.9910-3 -   
4 4.3910-3 -   
6 5.5110-3 -   
24 6.4910-3     
510-5 
0.5 9.0910-4 9.06 0.09 
1 8.2110-4 58.93 0.58 
2 1.2810-3 64.44 0.64 
3 1.5410-3 61.40 0.61 
4 1.9010-3 56.72 0.56 
6 2.7010-3 50.99 0.50 
24 3.4210-3 47.30 0.47 
7.510-5 
0.5 8.9610-4 10.39 0.10 
1 6.4410-4 67.79 0.67 
2 9.4810-4 73.66 0.73 
3 1.5210-3 61.90 0.61 
4 1.8410-3 58.08 0.58 
6 2.5810-3 53.17 0.53 
24 3.3010-3 49.15 0.49 
110-4 
0.5 8.4910-4 15.10 0.15 
1 5.7710-4 71.15 0.71 
2 6.1910-4 82.80 0.82 
3 1.2810-3 67.91 0.67 
4 1.5810-3 64.01 0.64 
6 2.2310-3 59.52 0.59 
24 2.8610-3 55.93 0.55 
110-3 
0.5 7.7110-4 22.90 0.22 
1 3.3310-4 83.35 0.83 
2 2.7710-4 92.30 0.92 
3 7.3310-4 81.62 0.81 
4 9.1810-4 79.08 0.79 
6 1.2910-3 76.58 0.76 
24 1.9610-3 69.79 0.69 
510-3 
0.5 7.0610-4 29.40 0.29 
1 2.3710-4 88.15 0.88 
2 1.1110-4 96.91 0.96 
3 5.7410-4 85.61 0.85 
4 7.9710-4 81.84 0.81 
6 1.2410-3 77.49 0.77 
24 1.7710-3 72.72 0.72 
Table 1. Corrosion rate and inhibition efficiency for carbon steel in 1 M HClO4 in the absence and 
presence of Eosin Y at 303 K. 
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rate with increasing temperature both in the 
presence and absence of inhibitor. This in-
crease in corrosion rate can be explained by de-
sorption of the adsorbed Eosin Y molecules 
from the carbon steel surface at higher temper-
ature. The high rate of dissolution of carbon 
steel in perchloric acid solution observed at ele-
vated temperature could be attributed to more 
dissolution energy effect acquired by the corro-
sive agent within the aggressive medium. 
 
3.3 Adsorption Considerations 
The protective layer on the metal surface re-
sulting from the adsorption of the inhibitor on 
the surface during acid induced corrosion regu-
lates the corrosive effect on the metal surface 
by either homogeneous or heterogeneous layer 
adsorption [38]. The adsorption isotherm ex-
plains the interaction between inhibitor mole-
cules and the carbon steel surface. Corrosion 
inhibition of carbon steel in the presence of in-
hibitor has been studied to the adsorption on 
the carbon steel surface, and this was generally 
confirmed from the fit of the experimental data 
to different adsorption isotherms. 
The plots of C/θ versus C yield a straight 
line with approximately unit slope, indicating 
that the inhibitor under study follows the 
Langmuir adsorption isotherm (Figure 2). The 
Kads values can be calculated from the intercept 
lines on the C/θ-axis. According to this iso-
therm, θ is related to C by this equation. 
 
(11) 
 
where, Kads is the equilibrium constant of the 
adsorption reaction and θ is surface coverage 
value. 
The results of the present studies at 293 K 
to 333 K indicated that the mechanism of ad-
sorption of inhibitor onto the carbon steel sur-
face is better obeyed by the Langmuir adsorp-
tion isotherm (Table 2). The free energy of the 
adsorption of inhibitor on carbon steel surface 
can be evaluated with the following equation 
[39,40]: 
(12) 
 
where R is the gas constant (J.mol-1.K-1) and T 
is the absolute temperature (K). 55.5 is the 
concentration of water in solution (mol.L-1). 
The high value of the equilibrium constant 
at lower temperature reflects the high adsorp-
tion ability of the Eosin Y on carbon steel sur-
face [41]. The value of adsorption enthalpy is -
44.06 KJ.mol-1 for Eosin Y, confirming the exo-
thermic behavior of adsorption on the carbon 
steel surface. The negative value of enthalpy of 
adsorption reflects the exothermic nature of 
the adsorption of Eosin Y on the carbon steel 
surface in the perchloric acid solution. 
The negative values of free energy for Eosin 
Y are equal to -34.81 to -36.55 KJ.mol-1, these 
negative signs indicate the stability of the ad-
sorbed layer on the carbon steel surface and 
the spontaneity of the adsorption process while 
positive signs symbolize a non-spontaneous ad-
sorption process. This result indicates that the 
adsorption process of this inhibitor involves 
both physisorption and chemisorption mecha-
nisms.  
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Figure 2. Langmuir isotherm for the adsorp-
tion of Eosin Y on carbon steel in 1 M HClO4. 
T (K) R2 
103Kads 
(L.mol-1) 
∆Hads 
(KJ.mol-1) 
∆Sads 
 (J.mol-1.K-1) 
∆Gads 
(KJ.mol-1) 
293 0.999 47.74 
-44.06 
-27.43 -36.02 
303 0.999 36.06 -24.81 -36.55 
313 0.999 20.69 -24.77 -36.31 
323 0.999 12.68 -24.48 -36.15 
333 0.997 5.21 -27.78 -34.81 
Table 2. Thermodynamic parameters for the adsorption of Eosin Y in 1 M HClO4 solution on carbon 
steel at different temperatures. 
1
ads
C
C
K
= +
( )ln 55.5ads adsG RT K = −
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Generally, physisorption is the electrostatic 
interaction between the charged molecules 
against the charged metal surface. Values of 
ΔGads until −20 KJ.mol-1 are consistent with the 
physical adsorption while those lower than −40 
KJ.mol-1 are correlated with the chemisorption 
[42]. 
 
3.4 Thermodynamic Parameter  
The increase in energy of activation for cor-
rosion process in inhibitor solution further in-
terpreted as physical adsorption of inhibitor 
species on carbon steel surface. The Arrhenius 
equation can be employed with success to show 
the action of temperature on the inhibition per-
formance of studied compounds. It is represent-
ed by the Equation (13) [43]. 
 
 (13) 
 
where CR is the corrosion rate of carbon steel, A 
is the Arrhenius pre-exponential factor, Ea 
(KJ.mol-1) is the activation energy, R is the gas 
constant (8.314 J.mol-1.K-1) and T is the tem-
perature (K). The values of Ea (Table 3) for car-
bon steel in 1 M HClO4 without and with dif-
ferent concentrations of inhibitors were ob-
tained from the slope of the plot of ln(CR) ver-
sus 1/T (Figure 3). 
The values of enthalpy of activation (ΔHa), 
entropy of activation (ΔSa) and free-energy 
(ΔGa) can be calculated by Equations (14) and 
(15) [44,45]. 
 
(14) 
 
(15) 
 
where h is plank’s constant, N is Avogadro 
number R is the gas constant. A plot of ln(CR/T) 
vs 1/T gave a straight line with slope of (-
ΔHa/R) and intercept of [ln(R/Nh)+(ΔSa/R)] 
from which the values of ΔHa and ΔSa can be 
calculated (Figure 4).  
These values of ΔHa, ΔSa and ΔGa are tabu-
lated in Table 3. Table 3 revealed that Ea and 
ΔHa values increase in the presence of Eosin Y, 
CInh (M) Ea (KJ.mol-1) R2 ∆Ha (KJ.mol-1) ∆Sa (J.mol-1.K-1) ∆Ga (303 K) (KJ.mol-1) 
0 58.79 0.991 56.20 -105.43 88.14 
510-5 78.69 0.996 76.09 -46.71 90.24 
7.510-5 88.33 0.993 85.73 -20.30 91.88 
110-4 93.57 0.993 90.98 -6.48 92.94 
110-3 108.75 0.993 106.15 37.59 94.76 
5.10-3 109.86 0.993 107.27 40.96 94.86 
Table 3. The thermodynamic activation functions of carbon steel dissolution in 1 M HClO4 in the ab-
sence and presence of different concentrations of Eosin Y by applying Arrhenius and transition state 
plots. 
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Figure 3. Arrhenius plots for carbon steel cor-
rosion in 1 M HClO4 without and with different 
concentrations of Eosin Y. 
 
0.0030 0.0031 0.0032 0.0033 0.0034
-16
-15
-14
-13
-12
-11
-10
-9
Blank
5.0 ×10
-5
   M
7.5 ×10
-5
   M
1.0 ×10
-4
   M
1.0 ×10
-3
   M 
5.0 ×10
-3
   M
L
n
 (
C
R
/T
) 
 (
g
  
h
-1
 c
m
-2
  
K
-1
)
1/T ( K
-1
 )
Figure 4. Transition state plots for carbon 
steel corrosion in 1 M HClO4 without and with 
different concentrations of Eosin Y. 
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indicating a higher protection efficiency [46]. 
The lower value of apparent activation energy 
of corrosion process in the presence of the in-
hibitor when compared to that in absence of in-
hibitor is attributed to its chemisorption ad-
sorption, its physisorption is pronounced in the 
opposite case. In this work, Ea of inhibited solu-
tions is higher than that of the uninhibited so-
lution indicating a physical mode of adsorption. 
The positive values of ΔHa indicate that the for-
mation of the activated complex is an endother-
mic process [47]. The high negative value of en-
tropy in the absence of inhibitor involves that 
the activated complex is the rate-determining 
step, rather than the dissociation step. 
While in the presence of the inhibitor, the 
value of entropy increases, this is generally ex-
plained as an increase in disorder as the reac-
tants are converted to the activated complexes. 
The shift towards positive value of entropies 
(from 110-3 M) imply that the activated com-
plex in the rate determining step represents 
dissociation rather than association, meaning 
that disordering increases on going from reac-
tants to the activated complex. The positive 
value of activation free energy, meaning non-
spontaneous corrosion reaction, increases with 
increasing concentration of inhibitor. 
 
3.5 Quantum Chemical Calculations 
The electronic structure of the Eosin Y was 
elucidated using the B3LYP/6-31G* level of 
theory. The highest occupied molecular orbital 
(HOMO) and lowest unoccupied molecular or-
bital (LUMO) studied for Eosin Y are showed 
in Figure 5. The calculations of global reactivi-
ty indices of the inhibitors such as the energy 
of the highest occupied (EHOMO) and the lowest 
unoccupied (ELUMO) molecular orbitals, energy 
gap (ΔE), global electronic chemical potential 
(µ), hardness (), electrophilicity index (ω), 
softness () and the fraction of electron trans-
fer (ΔN) from inhibitors to carbon steel were al-
so calculated and discussed with inhibition effi-
ciencies. The parameters named above are giv-
en in Table 4. The energy gap value (2.98 eV) 
indicates that Eosin Y is very reactive and can 
be adsorbed on steel surface, thus it can be con-
sidered as an efficient corrosion inhibitor. The 
ΔN value is correlated with the inhibition effec-
tiveness, resulting from electron donation. If 
the fractions of electrons transferred values are 
lower than 3.6 eV, the inhibition efficiency in-
creases with increasing electron-donating ca-
pacity at the metal surface [48]. 
In this study, the charge transfer is of the 
order of 1.60 eV shows that the Eosin Y inhibi-
tor is a strong electron donor power. A high 
electrophilicity () value characterizes a good 
electrophile while a small electrophilicity value 
describes a good nucleophile, this index is help-
ful for the prediction of the direction of corro-
sion. Generally, whenever the softness index 
() is higher means that the adsorption is oc-
curring [49]. The chemical hardness () is an 
important quantum chemical that provides an 
estimation of corrosion inhibition efficiencies of 
molecules [50]. 
Substrate 
EHOMO 
(eV) 
ELUMO 
(eV) 
 
(eV) 
 
(eV) 
 
(eV-1) 
 
(eV) 
∆E 
(eV) 
∆N 
(eV) 
Eosin Y 0.35 3.33 1.84 2.74 0.36 0.62 2.98 1.6 
Table 4. HOMO and LUMO energies, global reactivity indices , , , ,  and N, for Eosin Y com-
pound at B3LYP/6-31G* level of theory. 
(a) (b) (c) 
Figure 5. (a) Optimized structure, (b) HOMO and (c) LUMO orbitals for Eosin Y molecule using DFT 
approach. 
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3.6 Scanning Electron Microscopy (SEM) 
Scanning electron microscopy was probed to 
study the carbon steel specimen surface mor-
phology. Figure 6 shows the SEM images of 
carbon steel specimens immersed to the unin-
hibited, inhibited acid media (for 24 h) and pol-
ished surface. The polished carbon steel elec-
trode surface before immersion was uniform 
(Figure 6a). After immersion time in corrosive 
attack, the surface was strongly deteriorated 
due to corrosion, this consequently initiates pit-
ting or crevice corrosion, which is more pro-
nounced for the steel surface in the absence of 
inhibitor as revealed from the large pit depth in 
(Figure 6b) [51]. In the presence of Eosin Y, 
thin film onto the carbon steel surface were 
formed as shown in Figure 6c. it is marked that 
there is a protective layer adsorbed onto the 
carbon steel surface which is responsible for 
corrosion inhibition. 
 
4. Conclusion 
The obtained results show that Eosin Y dye 
acts as an excellent effective inhibitor for the 
corrosion of carbon steel in 1 M HClO4 solution. 
The increase in the inhibitor concentration de-
creases the corrosion rate while the increase in 
temperature leads to an increase in the corro-
sion rate. The inhibition efficiency increases 
with the increase in the concentration of Eosin 
Y dye. The adsorption of Eosin Y on the carbon 
steel surface follows the Langmuir adsorption 
isotherm. The values of thermodynamic param-
eters show that the adsorption process is a 
physicochemical adsorption process. The corro-
sion inhibition ability of Eosin Y has been con-
firmed via both scanning electron microscopy 
and quantum chemical calculations. 
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